Introduction
Protein tyrosine phosphatase 1B (PTP1B) is an intracellular phosphatase shown to be implicated in the negative regulation of insulin signaling by dephosphorylating the insulin receptor (IR) as well as its substrate, insulin receptor substrate-1 (IRS-1) and insulin receptor substrate-2 (IRS-2) [1] [2] [3] . The protein levels are increased in insulin-resistant diabetes patients and the deletion of PTP1B in mice has been shown to increase insulin sensitivity [4] [5] [6] . In supporting this observation, small molecule inhibitors of PTP1B work synergistically with insulin to increase signaling and augment insulin-stimulated glucose uptake [7, 8] . In addition to the role of PTP1B in insulin signaling, several genetic and biochemical studies indicate that PTP1B is also implicated in the inhibition of leptin signaling, which inhibits food intake and promotes energy expenditure [9] [10] [11] . In agreement, recent study showed that body weight, adiposity and leptin action can be regulated by neuronal PTP1B [12] . Taken together, PTP1B has emerged as one of well-validated drug targets for the treatment of both diabetes and obesity. Recognition of PTP1B as a novel drug target has led to a number of studies on the designing and development of synthetic PTP1B inhibitors [13, 14] . Several classes of plantderived secondary metabolites have been also described as PTP1B inhibitors [14] .
Lichens, comprising about 17,000 species, are symbiotic associations formed through symbiosis between fungi and algae and/or cyanobacteria [15] . They produce secondary metabolites that are sometimes suggested to serve as antimicrobial or antiherbivore agents [16] [17] [18] . Several lichen extracts have been used for various remedies in folk medicine, and a variety of biological activities of lichen metabolites, including antibiotic, antimycobacterial, antiviral, analgesic, and antipyretic properties, have been indicated by screening processes [15, 18] . Thus, there is considerable interest in lichen metabolites as potential sources of pharmacological agents [19] .
In the course of continuing search for PTP1B inhibitory metabolites from Antarctic lichens and mosses, [20] [21] [22] the MeOH extract of the dried sample of Umbilicaria antarctica was selected for further bio-assay guided investigation based on the observation of significant PTP1B inhibitory (> 90%) effect at the concentration of 30 g/mL, and this report describes the isolation, structure elucidation, and biological activities of compounds 1-3 ( Figure 1 ).
Materials and methods
General experimental procedures ESIMS data were obtained using a API-2000 ESI-MS instrument (Applied Bio system, USA) at Pukyung Nat'l University, Korea. NMR spectra (1D and 2D) were recorded in DMSOd 6 , CD 3 OD, and acetone-d 6 using a JEOL JNM ECP-400 spectrometer (400 MHz for 
Isolation and characterization of compounds 1-3
A dried sample of U. antarctica (10 g) was extracted with MeOH (300 mL × 2) for 24 h. The resulting crude MeOH extract (1.1 g) was subjected to C 18 -functionalized silica gel flash column chromatography (3 × 15 cm), eluting with a stepwise gradient of 20%, 40%, 60%, 70%, 80%, 90%, and 100 % (v/v) MeOH in H 2 O (400 mL each). The fraction eluted at 80 % MeOH (49.5 mg) was then subjected to semi-preparative reversed-phase HPLC using a gradient from 40 to 75% CH 3 CN in H 2 O (0.1% formic acid) over 35 min to yield 3 (5.9 mg; t R = 21 min), 2 (3.1 mg; t R = 23 min), and 1 (13.1 mg; t R = 34 min). 
Gyrophoric acid (1).

Methylation of gyrophoric acid (1)
To a solution of gyrophoric acid (1) (2.6 mg) in 1 mL of MeOH was added 10 L of a 2 M solution of trimethylsilyldiazomethane (TMSCHN 2 ) in hexane. After confirming the disappearance of the starting material by TLC analysis (i.e., after stirring for 10 min), the reaction mixture was concentrated, and subjected to semi-preparative reversed-phase HPLC using a using a gradient from 50 to 81% CH 3 CN in H 2 O (0.1% formic acid) over 37 min to yield 4 (1.0 mg; t R = 37 min). The structure of compound 4 was confirmed by analysis of 1 H NMR and MS data. Assay procedures PTP1B (human, recombinant) was purchased from BIOMOL Research Laboratories, Inc. The enzyme activity was measured in a reaction mixture containing 2 mM p-nitrophenyl phosphate (pNPP) in 50 mM citrate, pH 6.0, 0.1 M NaCl, 1 mM EDTA and 1mM dithiothreitol (DTT). The reaction mixture was placed in a 37 o C incubator for 30 min, and the reaction was terminated by addition of 10 N NaOH. The amount of produced p-nitrophenol was estimated by measuring the increase in absorbance at 405 nm. The non-enzymatic hydrolysis of 2 mM pNPP was corrected by measuring the increase in absorbance at 405 nm obtained in the absence of PTP1B enzyme [24] .
Methyl gyrophoriate (4).
White amorphous powder; ESIMS m/z 481 [M -H]
Kinetic analysis
The reaction mixture consisted of different concentrations of pNPP as a PTP1B substrate in the absence or presence of compound 1, and assayed as described above. Data were fitted by nonlinear regression analysis according to a MichaelisMenten kinetic model (Graphpad Prism version 4.02).
Results and discussion
To isolate and identify the PTP1B inhibitory active principle(s) from the MeOH extract of the sample of U. antarctica, we performed bioassay and 1 H-NMR guided fractionation and purification by using C 18 -functionalized silica gel column chromatography and HPLC, which led to the isolation of three related lichen metabolites (compounds 1-3) . The isolated compounds were identified as gyrophoric acid (1), lecanoric acid (2), and methyl orsellinate (3) by analysis of NMR and MS data, together with comparison of their spectral data with those in the literature [23] . Compounds 1-3 inhibited the hydrolysis of the pNPP catalyzed by PTP1B in a dose-dependent manner (Figure 2 ) with IC 50 values of 3.6 ± 0.04 M, 31 ± 2.7 M, and 277 ± 8.6 M, respectively. A known PTP1B inhibitor, ursolic acid (IC 50 = 2.5 ± 0.5 M) was used as a positive control in the assay [24, 25] . Even though compounds 1-3 share the similar structural pattern with the monomeric hydroxylbenzoic acid, only compound 1 showed potent inhibitory effect comparable to that of the positive control. In addition, carboxylic acid moiety in compound 1 was converted to the corresponding methyl ester (compound 4) to evaluate the significance of the carboxylic acid functionality in the compound for exerting the inhibitory effect on PTP1B activity. In the assay for the determination of PTP1B inhibitory potency, compound 4 appeared to sustain the inhibitory activity (IC 50 = 14.1 ± 0.04 M), but the potency was decreased about 4-fold compared to that of compound 1. Therefore, it was suggested that the acid functionality in 1 was crucial to exhibiting the inhibitory activity. However, based on the results showing compound 1 as the only potent PTP1B inhibitor despite of the fact that both compounds 1 and 2 commonly have the carboxylic acid functionality, it could be suggested that the molecular size could be an additional important factor for the inhibition of PTP1B activity among these compounds. To investigate the inhibition mode of the most potent inhibitor (i.e., compound 1) on the activity of PTP1B, substrate titration studies using the small substrate pNPP were conducted. As shown in Figure 3 , compound 1 decreased the V max value, but didn't alter the K m value of PTP1B, suggesting that the inhibition mode was non-competitive toward pNPP. Several non-competitive inhibitors of PTP1B have been shown to interact with an allosteric site of PTP1B [18] , and the allosteric modulation of PTP1B activity has been suggested to be a promising approach for developing selective inhibitors [7, 26] .
Depsides (e.g., compound 2) and tridepsides (e.g., compound 1) are one of distinctive types of lichen metabolites formed by condensation of two or more hydroxybenzoic acids (e.g., compound 3) through the esterification steps between the carboxylic acid and a phenolic hydroxyl group [18] . Lichen depsides have been described to show various biological effects such as inhibitions of 5-lipoxygenase and prostaglandin biosynthesis [18, 27] . On the other hand, tridepside gyrophoric acid has been shown to have antiproliferative activity against human keratinocyte growth [28] . However, the PTP1B inhibitory effects by the member of this class have not been previously reported. Further studies with this class of compounds with the aim of providing selectivity against other PTP panels as well as in vivo efficiency are necessary to evaluate their potential as lead compounds in the treatment of diabetes and obesity. 
